INTRODUCTION
Of all the causes of death and destruction from tropical storms the most treacherous is the rise ip sea level associated with the landfall of the storm, a phenomenon known as the storm surge. This is true because the rise in sea level along the coast in flat regions may lead to the penetration of the sea 10 to 20 miles inland. Not only are regions near the coast flooded by the intrusion of salt water, but erosion processes due primarily to wave action are effective inland far beyond the normal coastline. Occasionally, significant breaks in barrier reefs are produced by the combination of erosion due to wave damage and the storm surge.
Another factor in the insidious behavior of the storm surge is that the surge generated on the open coast must move inland as a gravity wave, and thus the peak disturbance at the end of a long channel, such as Long Island Sound, may occur many hours after the other signs of hurricane fury have begun to diminish. Interaction with the astronomical tide also may cause the most severe flooding to occur several hours before or after the peak intensity of the storm.
surge and local wind setup, seiching, and perhaps rainfall runoff in the mouths of rivers and other estuaries.
The forecast centers do not have the facilities required for a full consideration of all these factors in the time available for a forecast during a hurricane threat. Accordingly it has been necessary to seek some empirical procedure which combines a number of these effects into a single parameter to give an estimation of the extreme tide to be expected with any hurricane.
DERIVATION OF EQUATIONS
Since the data from a large number of storms must be combined, and detailed data concerning the structure of a storm are rarely available before the storm moves inland, only a simple storm model can be used. The simplest model which appears reasonable is one in which the pressure depends only on the distance from the center of the storm. With such a storm, the maximum wind speed depends on the pressure deficiency. Near the center of the storm the cyclostrophic effect greatly exceeds the geostrophic and the maximum wind speed (VmaJ can be taken as
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along the open coast depends on the wind field, the pressure deficiency, the size and speed of motion of the where pn is the pressure at the edge of the storm; po is storm, the bottom topography near the landfall of the the pressure at the center of the storm, and K is a constant storm, and the astronomical tide (Harris [4] and Reid and of proportionality. Equation
(1) has been given by where p is density of the air, r2 is the wind stress coefficient, depending on the surface roughness, and V is the wind speed. Neumann [8] , noting that the surface roughness over water depends on the wave height, which in turn depends on the wind speed, prefers an expression of the form 7=pAV3"
where A is a constant. Others writer (Montgomery Equations (1) and (3), when combined with equation (6), imply that b=1. In this case we can write (6) in the more usual form for regression equations:
h=a+b'p, ( 
7)
Equations ( depended on their assumed model hurricane, slope of the continental shelf, and wind stress law. This implies that in a purely empirical study such as this, one might expect to obtain better results by assuming that B and b are both arbitrary constants to be determined from the data. This can be accomplished most simply by taking the logarithm of both sides of equation (6) to obtain log h = log B + b log ( p , -PO). (8) This is of the form y = a + bx, and a and b can be obtained by the method of least squares.
APPLICATION TO GULF HURRICANE DATA
The logic of this derivation shows that it should be expected to apply to the storm surge; that is, to the difference between the observed storm tide and the astronomical tide. Also it should apply only to the maximum tide on the open coast uninfluenced by convergence or oscillations in bays. The exact time of the peak surge on the open coast is generally unknown, even when the maximum water level is known, so that corrections for the astronomical tide are often impossible when dealing with the records of past storms. However, the range of tide in the Gulf of Mexico is generally small, usually less than one foot, and the observed departure from mean sea level provides a useful approximation to the storm surge during exceptionally high tides.
The selection of the particular report which best represents the extreme tide height on the open coast, with a minimum of local influences due to estuarian effects, is somewhat subjective, and no two workers will agree completely on all cases. Nevertheless, reasonably satisfactory data have been found for 30 hurricanes entering the United States from the Gulf of Mexico prior to 1956. Some of these data were obtained from Cline No reliable reports of the maximum water levels were obtained for storms with lowest pressure below 934 mb. The "Labor Day" hurricane of 1935 had a reliably reported minimum pressure of 892 mb., the lowest sea level pressure reported in the United States, and was attended by a storm wave whose height has been estimated at 15 to 20 ft. above mean low water (Tannehill  [ll] ). This value has been adjusted to mean sea level and is plotted as a range in figure 1, as this is the best available data for extending the range of the prediction curve.
If the data in table 1 are analyzed according to equation A slightly higher correlation coefficient could have been obtained by using a much higher value of p , and an exponent greater than 1 .O in equation (6). This, however, would be contrary to physical reasoning. As the storm tide rises to ever greater heights, the area over which the water can spread increases and the volume of water needed to produce a given rise in tide is greatly increased. It is evident that the curve which describes the relationship between the intensity of the storm and the height of the storm surge must ultimately curve downward toward the right.
Although the reported tide height for the 1935 Labor Day storm suggests that this bending to the right occurs for storms with a central pressure slightly higher than 900 mb., the records from this storm are somewhat uncertain and it is not clear from the data presented here that this is the case. On the basis of the evidence presented in this paper, the 
TEST O N ATLANTIC HURRICANE DATA
The tide range along the Atlantic Coast of the United
States is much greater than in the Gulf and it is necessary to consider the difference between the observed and predicted tides, at the time of the maximum difference, in order to obtain reasonable homogeneity of the data when plotting a graph such as figure 1. When the difference is considered, many of the available points for the east coast fall near the line on figure 1. Most of the others fall well below the line.
The reason for this is not very diflicult to find. Hurricanes which enter the Gulf of Mexico must come completely inland to escape from the Gulf. However, many of those which move up the east coast skirt the coastline and, even though the center or lowest pressure may be straight line relationship appears to be the most reliable. over land for a period of time, much of the storm circula- If only those east coast storms which move definitely inland are considered, it is found that the maximum surge data fit the empirical curve in figure 1 surprisingly well. The data from eight Atlantic storms of this type and two Gulf storms not used in the derivation of equations (9) and (10) are listed in table 2, and are shown in figure 1 by crosses identified by letters.
CONCLUDING REMARKS
The method described here is, of course, only the first step in the development of a storm surge forecasting system for hurricanes. It is worth noting, however, that this single meteorological parameter, central pressure, can account for approximately half of the total variability of the storm surge height on the open coast. The other meteorological parameters which could be easily considered in this way, the asymptotic pressure, the radius of maximum winds, the forward speed of the storm, and the angle with which the storm crosses the coast, when considered alone, do not make a significant improvement to the prediction equation. This is not because these parameters are unimportant, but because their effects are combined with those of local topography in such a way that their influence cannot be properly described by the methods used in this paper.
